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INTRODUCTION
In 1958, a consultant hired by the managers of Wildwood Water Utility, Cape May County, N.J. (fig. 1 ), investigated the effectiveness of artificial recharge of ground water by well injection for storage and recovery as a practical solution to the summer water-supply shortage of the Wildwood communities (Schultes, 1959) . At that time, Wildwood's public water supply was withdrawn from about 10 to 13 wells located 4.5 mi northwest of the communities, and was supplemented by water from 2 wells located on the barrier islands. Average water demand during the 3 summer months in 1958 ranged from 6 to 7 Mgal/d and hourly peak water demand ranged from 10 to 12 Mgal/d. To meet the large water demand of the Wildwood communities during the 3-month summer tourist season, 10 to 15 wells, a large pumping facility, and large transmission lines were needed. The massive water-supply system, which is critical to the economic viability of the Wildwood communities, and the health of its residents, would be unused, for the most part, about 9 months of the year. Schultes (1959) suggested that a practical and economical solution was to design a well field, pumping facility, and transmission line from the well field to the Wildwood communities so that water could be pumped throughout the year and transmitted to the island wells to be stored until needed during the summer. By analyzing the annual and seasonal water budgets of the Wildwood communities, Schultes calculated that storage of 200 Mgal/yr of water on the island would eliminate a large part of the summer watersupply problems. Schultes determined that the only practical place to store this large volume of water was underground, in the aquifers. In 1967, Wildwood Water Utility began artificial recharge on a regular basis. The water utility has operated six recharge wells but has abandoned two of them because an abandoned supply well near one recharge well provided a conduit for the recharge water to escape to land surface during injection, and a casing or screen failed in the second well. The Wildwood Water Utility injected 3,849 Mgal of water and recovered 3,286 Mgal, or 85 percent of the injected water, during 1967-92.
In 1965, the Atlantic Electric Company1 began artificial recharge for storage and recovery at the B.L. England Electric Generating Plant in Upper Township ( fig. 1) . During the first year of injection (1965), the electric company reported injecting 19.331 Mgal; during 1967-88, from 1.406 to 9.031 Mgal/yr was stored. About 100.144 Mgal of water has been stored since injection began and 60.6 Mgal, or 61 percent of the stored water has been recovered.
During 1989-92, the U.S. Geological Survey (USGS), in cooperation with the U.S. Army Corp of Engineers (COE), the New Jersey Department of Environmental Protection (NJDEP), and the Cape May County Planning Board, conducted a study to determine the effects of artificial recharge for storage and recovery on ground-water levels and water quality in Cape May County, New Jersey.
Purpose and Scope
This report describes the programs of artificial recharge by well injection for storage and recovery that were developed by Wildwood Water Utility and Atlantic Electric Company. Methods of injection and recovery and changes in ground-water levels and water quality that result from the injection and recovery program are described. Maps are included to show the locations of injection wells and changes in water levels. Tables are included to show monthly and annual rates of injection and recovery. The hydrostratigraphy of the aquifers used for storage is illustrated and calculations of the extent of the aquifer that is affected by the injection of water are included.
Location and Hydrostratigraphy of the Study Area
The Wildwood Water Utility injection-recovery wells are located on the barrier island of Five Mile Beach in the municipalities of North Wildwood, Wildwood City, Wildwood Crest, and Lower Township ( fig. 2) . Section A-A ( fig. 3) shows the hydrostratigraphy of the aquifers and confining units underlying the Wildwood communities and vicinity on Five Mile Beach. The section is interpreted from geophysical and driller's logs of wells and boreholes on the island. The hydraulic characteristics of the aquifers and confining units are described in Gill (1962) and Zapecza (1989) . The data on screen intervals of the injection-recovery wells were obtained from well records on file at the NJDEP office in Trenton, N.J. 1 The use of firm names in this report is for identification purposes only and does not impute responsibility for any past, present, or potential effect on water resources in the study area. interpreted from geophysical and drillers' logs of supply wells located at the plant. Data on the screen intervals of the injection-recovery and supply wells were obtained from well records on file at the NJDEP office in Trenton, N.J.
Previous Studies
Schultes (1959) conducted the first water-budget and system analyses and the first test of artificial recharge for storage and recovery at the Wildwood Water Utility. The test was run during an 8-day period in December 1958, and approximately 231,300 gallons of water was injected and withdrawn. Water-quality and injection-pressure analyses were conducted during the test. Atlantic Electric Company developed the artificial-recharge program with the assistance of the NJDEP. Geraghty and Miller, Inc. (1971) , O'Hare and others (1986), Hydrologic Engineering Center (1984) , and Epstein (1988) note that Wildwood Water Utility has injection wells for artificial recharge for storage and recovery but provides no details or data about the system. May (1985) discusses the feasibility of artificial recharge into the deep aquifers in the Atlantic City, N.J., area. Aronson (1978) , Aronson and Beyth (1980) and Vecchioli and others (1980) investigated artificial recharge of wastewater and storm runoff through shallow wells into Coastal Plain sediments on Long Island, N.Y. Fleming and Speitel (1980) and Sniegocki and others (1965) describe several studies of artificial recharge by use of pressure recharge systems that are similar to the systems used in the Wildwood communities and at the electric plant.
Well-Numbering System
The well-numbering system in this report has been used by the USGS, New Jersey District, since 1978. The well number consists of a county code (9 for Cape May County) and a sequence number assigned to each recorded well within the county. A representative well number is 9-159 for the 159th well inventoried by the USGS in the county.
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ARTIFICIAL RECHARGE BY WELL INJECTION FOR STORAGE AND RECOVERY
Artificial recharge by well injection for storage and recovery is the technique whereby freshwater is pumped into an aquifer through a well, is stored in the aquifer material, and ultimately is recovered from the aquifer by pumping it out through the same well or a nearby well. fig. 2 ). The water utility also serves some of the businesses and residences in southern Middle Township ( fig. 1 ). The water utility obtains its water from 10 wells in southern Middle Township ( fig. 1 ).
History of Storage and Recovery Program
In 1894, Wildwood Water Utility drilled the first public-supply well (9-153) on the barrier island of Five Mile Beach ( fig. 2 ). By 1910, two or possibly three additional supply wells had been drilled in the North Wildwood area, but the utility did not use the wells extensively because of high concentrations of chloride in the water. It appears that the utility determined at the time that it could not supply the large volume of freshwater needed by their communities during the summer. In 1910, Wildwood Water Utility installed about 10 supply wells on the mainland, 4.5 mi northwest of Five Mile Beach in southern Middle Township ( fig. 1 ). The utility used the wells on the mainland for water supply but maintained the island supply wells for use during the summer peak demand and fire emergencies. Water containing high concentrations of chloride from the island wells was blended with freshwater from the mainland wells before it was allowed to enter the water-supply distribution system. In 1926, Wildwood Water Utility installed two additional wells on the island for use during periods of peak demand. Water from the well in Wildwood Crest (9-158) had a chloride concentration of 340 mg/L; therefore, it was abandoned in 1927. Water from the well in Wildwood City (9-154) had water with a chloride concentration of 130 mg/L, and this water was blended into the system. By 1936, the utility had abandoned the supply wells in North Wildwood, possibly because of the high concentrations of chloride or iron. Thereafter, the water supply was derived primarily from the mainland wells and was augmented at times of peak demand in the summer with water from the two supply wells in Wildwood City (9-153 and 9-154).
During summers in the late 1950's, Wiidwood Water Utility occasionally exceeded the 5.0 Mgal/d withdrawal allotment permitted by the NJDEP (Schultes, 1959) . In June 1958, a 20-in.-long break was found in the 4.5-mi transmission line that carried water from the mainland 1961-1962 1962-1964 1964-present 1975-present 1992-present 1Screen length is shorter than screen interval in some wells because blanks were installed in the screen interval.
wells to the island communities. The line could not be shut down at the time because the water demand was high (Schultes, 1959) . Schultes conducted an analysis of the utility's systemparticularly the seasonal water demand, water-supply source area, water-distribution area, and delivery system. He pointed out that the utility withdrew water from 10 wells on the mainland and pumped it through a 4.5-mi transmission line at the summer peak demand rate of 10 to 12 Mgal/d, which overloaded the transmission line. He speculated that another break would leave the island communities with little or no water for public use or to fight fires. Schultes contrasted the large summer demand that was needed for less than 3 months to the small non-summer demand that was needed for about 9 months. He noted that winter water demand was 1 to 2 Mgal/d and the winter hourly peak demand was equivalent to 2 to 3 Mgal/d. Schultes suggested that a new transmission line with additional pumping facilities would be needed at the mainland well field.
Schultes also recommended that the utility consider ground-water storage by injection on the barrier island because of the seasonal fluctuation in water demand and in use of the mainland facilities. He analyzed the monthly and annual water budget of the service area and suggested that by storing 50 percent of the summer demand during the off-season and recovering it when needed would reduce the summer load on the pumping station and transmission line by 50 percent. Schultes provided calculations to show that three wells, each injecting water at a rate of 200 gal/min, could supply 50 percent of the water that was used in summer 1958. He itemized the economic and hydrologic components of a seasonally based storage and recovery plan to demonstrate its viability. Schultes concluded his report by citing the methods used in and the results of an 8-day injection test and a 2-day recovery test conducted at a supply well (9-153) in Wildwood City.
In 1964, the NJDEP initially approved further investigation and tests of underground storage to solve the water problems of the area (A.B. Cyphers, N.J. Bureau of Water Resources, written commun., 1964). In 1966, Wildwood Water Utility's application for additional withdrawals was approved by the NJDEP (A.B. Cyphers, witten commun., 1966) with the following condition:
Condition 16: In recognition of need for additional capacity to meet peak daily demand the applicant is hereby authorized to utilize one or more recharge wells in any of the water bearing formations and at any available location on the island for off-peak recharge and storage of fresh water for withdrawal during the said peak demand. (NJDEP, written commun., 1964) In 1967, the NJDEP authorized the drilling of a 1,110-ft exploratory borehole that was developed as Injection Well 1 (9-159) with an estimated recharge rate of 1,000 gal/min. The well was drilled in Wildwood Crest and the 70-ft screen was placed in the estuarine sand and Cohansey aquifers ( fig. 3) . Water was injected into the well at rates ranging from 9 to 14 Mgal/mo (220 to 340 gal/min) from 1968 through 1976.2 In 1977, water began to flow out of the ground under a utility building about 20 ft north of Injection Well 1, and the injection well was abandoned. In 1990, after studying a map of the well site prepared in the 1930's, the USGS and utility personnel determined that Injection Well 1 was located about 20 ft south of an old supply well (9-158) that was drilled in 1926, abandoned, and reportedly sealed in 1927. The injected water probably flowed from the well screen of Injection Well 1 (9-159) through the aquifer material and continued up either the ungrouted annular space outside the casing of well 9-158 or flowed into the casing of well 9-158 at a point of corrosion or at a casing joint and then up the inside of the well.
In 1970, the utility installed Injection Well 2 (9-103) in North Wildwood, and the 105-ft screen was placed in the Atlantic City 800-foot sand. From 1971 to 1976 water was injected into the well at a rate ranging from about 10 to 12 Mgal/mo (240 to 290 gal/min). From 1978 to 1984 injection decreased because of progressive screen clogging, and ranged from 4 to 8 Mgal/mo (90 to 195 gal/min). In 1985, a large quantity of sand was being withdrawn during water recovery, and the sand was destroying the pump. Because utility personnel believed the source of the sand was the supply water, they installed a filter to remove the sand from the supply water before injection, but the problem continued. The well was televiewed in 1985 to determine if a crack in the casing or screen was allowing sand to flow into the well, but no crack was found. The well was abandoned and sealed to land surface with cement. (Thurmon Thompson, Assistant Water Superintendent, Wildwood Water Utility, oral commun., 1990.) In 1978, the utility installed Injection Well 3 (9-176) in Wildwood Crest about 30 ft from Injection Well 1 (9-159). The well's 51-ft-long screen was placed at about the same altitude as the screen of Injection Well 1. Water was injected into the well at rates that typically ranged from about 5 to 9 Mgal/mo (120 to 220 gal/min). Injection Well 3 is about 25 ft from the abandoned old well (9-158) drilled in 1926. In 1992, no evidence of upwelling of ground water near the abandoned old well (9-158) was observed when injection was occurring.
In 1982, the utility installed Injection Well 4 (9-314) in Wildwood, and a 94-ft screen was placed in the estuarine sand and Cohansey aquifers. Water is injected into the well at rates ranging from about 7 to 10 Mgal/mo (170 to 240 gal/min). The well was still active in 1992.
In 1986, the utility installed Injection Well 5 (9-301) in Lower Township, and a 55-ft screen was placed in the estuarine sand aquifer. Injection rates typically range from 3 to 8 Mgal/mo (75 to 195 gal/min). The well was still active in 1992.
In 1987, the utility installed Injection Well 6 (9-310) in North Wildwood, about 10 ft from the abandoned and sealed Injection Well 2 (9-103). The 73-ft screen was placed in the Cohansey aquifer and water is injected at rates that typically range from 5 to 8 Mgal/mo (120 to 195 gal/min).
Operation of Injection-Recovery Wells
The following description of the yearly operation of the injection-recovery wells is based on numerous conversations with Earl Moyer, Thurmon Thompson, and Eugene Comisky of the Wildwood Water Utility and an inspection of the utility's injection wells. From mid-September until mid-May, each well is used as an injection well for storage. From mid-May to midSeptember, each well is used primarily as a ground-water withdrawal well for recovery of the stored water. During fall, winter, and spring, chlorinated water from the mainland well field is piped to the injection wells through the transmission lines, and then passes through a set of check valves, which adjust the line pressure optimally to 16 psi (pounds per square inch), or about 72 to 290 gal/min, depending on the well-construction characteristics (screen length, borehole diameter, and gravel pack) and aquifer characteristics (hydraulic conductivity and porosity). Each morning during fall, winter, and spring, injection is stopped and the pump is turned on to backflush the well screen. Ail of the backflushed water is discarded. During the first 2 min of backflushing, the water is clear; then, for the next 3 to 4 min, the water is red as a result of the removal of rust buildup in the screen, gravel pack, and aquifer material. After 6 to 8 min, the water becomes clear again. The pump is shut off for about 1 min, then is turned on again to repeat the backflushing. After the second backflushing the pump is turned off, and valves are adjusted to allow injection to continue. The entire backflushing process requires about 1 hour each day. The backflushing operation is necessary because the pressure needed to inject water increases as rust and sediments clog the screen, gravel pack, and aquifer. During the late 1970's, the Wildwood Water Utility attempted to solve a clogging and sand problem in Injection Well 2 (9-103) by filtering the water prior to injection. The results of the filtering are unclear; however, Eugene Comisky (Wildwood Water Utility, oral commun., 1990) and James Schultes (W.C. Services, Inc., oral commun., 1990) report that the filters became dirty each day.
Injection and Recovery Data
Monthly and annual injection and recovery data for 1967-91 are listed in table 2. Reported and total annual injection and recovery data for the six injection-recovery wells for the period of record are summarized in table 3. The total annual injection and recovery and the difference between them are listed in table 4. Reported annual injection from 1968 through 1991 ranges from about 71 to 275 Mgal, and reported annual recovery ranges from about 62 to 269 Mgal. Wildwood Water Utility has recovered about 85 percent of the wafer injected. In 1975 ,1979 ,1985 , and 1991 Water Utility withdrew more water than it had injected during each of those years.
Extent of Effect of Recharge
The radius of the theoretical cylinder of aquifer material used for storage can be calculated from the volume of water that was injected. Injection is assumed to take place from the top to the bottom of the screen interval. Injection is assumed to be isotropic within the aquifer, and the injected water is assumed to form a cylinder around the well screen. The porosity of the aquifer is assumed to be 30 percent. The following formula is used to calculate the radius of the theoretical cylinder of injected water that forms around each well:
where r is the radius of the cylinder formed during injection; Vi is injected volume, in gallons; n is porosity, in percent; b is the screen length, in feet; and 7.48 is the factor used to convert gallons to cubic feet. 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 27.232 
Well 2 USGS well number 9-103 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 56 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 September through December data not included. 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 The minimum and maximum amounts of water injected into each of the six recharge wells of Wildwood Water Utility during years in which water was injected for 9 or more months are shown in table 5. The minimum and maximum radii of the cylinder of injected water, calculated by using the minimum and maximum amounts of injected water and the screen length, also are listed. Estimates of the radius of the cylinder of water range from 215 to 492 ft.
Woter-Level Changes
Water levels in the Cohansey aquifer in Cape May County were above sea level before development (about 1900) (Gill, 1962, p. 112) (fig. 6a) . The water-level map ( fig. 6a) shows that water flowed from the center of the peninsula toward the bay and ocean. The first large withdrawal wells tapping the Cohansey aquifer were installed in southern Cape May County about 1928. The water-level map of the Cohansey aquifer in 1958 ( fig. 6b) shows three cones of depression in southern Cape May County (Gill, 1962, p. 108) . The largest and deepest cone, centered in southern Lower Township, resulted from pumping of public-supply wells that serve Cape May City and industrial-supply wells that serve the fishing industry. Water levels at the center of the cone of depression were about 21 ft below sea level during the non-tourist season. In southern Middle Township, a second cone of depression was centered at the public-supply wells of Wildwood Water Utility. Water levels were about 10 ft below sea level during lie nontourist season. The third small cone of depression with water levels about 7 ft below sea level formed in the Wildwood communities as a result of ground-water withdrawals from public-and industrial-supply wells located on the island. In 1967, Wildwood Water Utility began groundwater injection for storage and recovery. The USGS measured ground-water levels in southern Cape May County in 1978 ,1983 ,1988 , and 1991 (Walker, 1983 Eckel and Walker, 1986; Rosman and others, 1995; Lacombe and Carleton, 1992) . Water levels measured in April 1991 ( fig. 6c) indicate that the cones of depression in southern Lower Township and southern Middle Township remain and are joined by a third cone of depression centered over the public-supply wells of the Lower Township Municipal Utilities Authority in western Lower Township. Water levels in southern Lower Township have remained constant since 1958 at about 20 ft below sea level. The cone of depression in southern Middle Township has increased in depth from about 10 ft below sea level in 1958 to about 20 ft below sea level in 1991. The cone of depression on Five Mile Beach has been filled and replaced by a water mound that is about 5 ft above sea level. The water mound is caused by the injection of ground water by the Wildwood Water Utility.
Injection well 5 (9-301) is located 6,000 ft from a group of industrial-supply wells that serve the fishing industry in eastern Lower Township ( fig. 2) . A cone of depression centered on the fishing-industry wells extends to Well 5 (9-301). Well 5 is the only well of the utility that is used to inject water in an existing cone of depression. As a result, the injected water is not creating a water mound that is above sea level like water levels found around the other three injection wells.
The presence of the water mound on the eastern side of the peninsula decreases the likelihood of lateral saltwater intrusion from the east toward the mainland. The cone of depression in southern Middle Township has increased in depth and width in part because of increased withdrawals of ground water that is used for storage and recovery. This larger cone of depression will increase lateral movement of ground water toward the Wildwood Water Utility Table 5 . Minimum and maximum amounts of water injected for storage, and radius of the theoretical cylinder of water that forms around each well screen supply wells because of the increased hydraulic gradient. Ground water moving from the north, east, and south will not adversely affect the water supply because the water in the vicinity of the Wildwood Water Utility supply wells is fresh, but ground water moving from the west could contain chloride and sodium in concentrations greater than the NJDEP recommended secondary drinking-water standards.
Water-Quality Changes
The quality of the injected water is altered while it is stored in the aquifers of Five Mile Beach. Water that is used for injection is withdrawn from the estuarine sand aquifer, Cohansey aquifer, and Rio Grande water-bearing zone through 10 public-supply wells in southern Middle Township. Schultes (1959) reported that the chloride concentration of the blended water from the mainland was 38 mg/L. During the initial injection test, this water was stored in the Atlantic City 800-foot sand, where the chloride concentration of the water was 300 mg/L (Schultes, 1959) . A total of 231,300 gallons was injected during 8 days and was recovered during 2 days. During the first 11 hours of recovery, 156,000 gallons was withdrawn, and the chloride concentration was relatively constant at about 38 mg/L. As additional water was withdrawn, the chloride concentration gradually increased. After 50 hours of recovery, 229,800 gallons had been withdrawn, and the chloride concentration was about 135 mg/L.
In 1992, the Wildwood Water Utility measured the chloride concentration of the injected water and the recovered water (table 6) (Gregory Lanze, Wildwood Water Utility, oral commun., 1992). From mid-September 1991 to the beginning of the Memorial Day weekend in 1992,49 to 69 Mgal was injected into each of the four wells. The chloride concentration of the water used for injection fluctuated during the injection season but typically ranged from 30 to 35 mg/L. Ground-water recovery began on May 29,1992 , for the holiday weekend. The chloride concentration of the water recovered from each well measured July 28 was found to be nearly the same as that of the injected water (table 6). The concentration of chloride in the recovered water was measured again on August 30 and September 4; it had increased to 40 to 64 mg/L. Recovery ceased and injection was resumed about September 11,1992.
Injection Well 3 (9-176) was used to inject 68.5 Mgal during the 1991-92 injection season. Nearly 11 Mgal was left in storage; therefore, only 84 percent of the water was recovered by the end of the summer. The chloride concentration of the recovered water increased from 35 mg/L during injection to 40 mg/L on August 30, and to 44 mg/L on September 4. The chloride concentration increased only 9 mg/L during the recovery period because a large volume (11 Mgal) of the injected water was left in the storage.
Injection Well 4 (9-314) was used to inject 62.737 Mgal during the 1991-92 injection season, but 12 Mgal was left in storage. Therefore, only 81 percent of the water was recovered. The chloride concentration remained constant at 35 mg/L during recovery. The well is screened in the part of the estuarine sand and Cohansey aquifers on Five Mile Beach in which the chloride concentration is quite low (less than 100 mg/L) (Gill, 1962, p. 123; Lacombe and Cariton, 1992, p. 291) . Because the well screen is located in the part of the aquifer with a low chloride concentration and because 12.262 Mgal was left in storage, the chloride concentration of the recovered water is more similar to that of the injected water in this well than in the other three injection-recovery wells. Injection Well 5 (9-301) was used to inject 48.901 Mgal during the 1991-92 injection season and 54.260 Mgal was recovered. Therefore, the utility withdrew either a previous year's excess injected water or the ambient water from the aquifer or a mixture of both. During withdrawal, the chloride concentration of the recovered water increased from 32 to 47 mg/L. This small increase could be the result of a low chloride concentration in the ambient water as reported by Gill (1962, p. 123) and Lacombe and Carleton (1992, p. 291 ).
Injection Well 6 (9-310) was used to inject 58.301 Mgal during the 1991-92 injection season, and 2.797 Mgal was left in storage. Therefore, 95 percent of the water was recovered. During withdrawal the chloride concentration of the recovered water increased from 32 to 64 mg/L ( fig. 7) . This is the largest increase in chloride concentration measured at the four wells. Well 6 taps that part of the aquifer on Five Mile Beach in which the chloride concentrations is highest (Gill, 1962, p. 123; Lacombe and Carleton, 1992, p. 291) . The increase in the chloride concentration during the water recovery probably resulted from the high chloride concentration of the ambient water in the aquifer in the northern part of Five Mile Beach.
The iron concentration of the blended water withdrawn from the 10 public supply wells in southern Middle Township was about 0.35 mg/L, and the iron concentration of the water recovered from injection-recovery wells 3,4, and 5 (9-176,9-314, and 9-301) also was about 0.35 mg/L. The iron concentration of the water recovered from Well 6 (9-310) increased steadily and by mid-summer had increased to 0.9 mg/L (Earl Moyer, Wildwood Water Utility, oral commun., 1991.) As a result, water recovered from Well 6 contains higher concentrations of iron than water recovered from the other injection-recovery wells. Gill (1962a, p. 63) shows higher concentrations of iron in water from the Cohansey aquifer in the North Wildwood area than from the Cohansey aquifer in any other part of Five Mile Beach, possibly as a result of the presence of more iron or a more easily mobilized source of iron in the aquifer material in this area than elsewhere on the island.
Electric Company Plant
The B.L. England Electric Generating Plant, in Upper Township on Great Egg Harbor Bay, is owned by Atlantic Electric Company. The company operates two industrial-supply wells that are screened in the Atlantic City 800-foot sand. All freshwater supplies for the company are obtained from the two wells. One artificial-recharge well screened in the Cohansey aquifer is used for storage and recovery ( fig. 4) .
History of Storage and Recovery Program
In 1961, Atlantic Electric Company drilled Supply Wells 1 and 2 (9-145 and 9-146), which are screened in the Cohansey aquifer, for its proposed fossil-fuel, steam-power electricitygenerating station. The wells are about 300 ft apart and about 200 ft from the saltwater in Great Egg Harbor Bay (fig. 4) . In 1961, the chloride concentrations of water withdrawn from Supply Well 1 and 2 were about 14 and 38 mg/L, respectively. The chloride concentration of water from Supply Well 2 (9-146) was too high for economical steam generation. As a result, Supply Well 2 was abandoned and sealed in 1962, and Supply Well 3 (9-147) was installed about 700 ft from the bay. (1) drill a new well (Supply Well 4 (9-148)) to be screened in the Atlantic City 800-foot sand, (2) make Supply Well 1 a "standby" well, and (3) In 1975, Atlantic Electric Company drilled Supply Well 5 (9-144), which is screened in the Atlantic City 800-foot sand. In 1992, Supply Well 6 (9-461) was drilled and screened in the Atlantic City 800-foot sand; this well is to be used in 1993 or 1994 for a planned scrubber unit (Environmental Consulting and Technology, Inc., 1992) .
Operation of the Injection-Recovery Well
Water is injected into the Cohansey aquifer through a 3/4-in. feed line that is placed inside the well casing. Typically water is injected for about 8 hours, but it may be injected for as long as 4 days if water is available (Norris Justic and Wayne Adamson, Atlantic Electric Company, oral commun., 1992). The injected water is obtained by pumping the two supply wells that tap the Atlantic City 800-foot sand. The chloride concentration of the water from the two supply wells typically is 5 or 6 mg/L. The water is injected at a line pressure of 60 psi, which can be set lower if injection continues for more than 8 hours. Water is injected on an "as available" basis and when personnel are available to monitor the operation.
Water is recovered from the well as needed. The well pump is turned on, and the water is added to the supply system. Withdrawals and chloride concentration are monitored daily. After about 1 Mgal of water has been withdrawn, the operators of the plant consider injecting additional water for storage. Withdrawals cease if the chloride concentration exceeds 7 or 8 mg/L, and plans are then made to inject additional water.
Injection and Recovery Data
Monthly ground-water storage and recovery data for 1965 through 1988 are listed in table 7. Table 8 lists the total annual amounts of water stored and recovered, and the difference between the two. These tables were compiled from data provided by Atlantic Electric Company to the NJDEP and stored in the USGS State Water Use Data System (SWUDS). From 1967 to 1988, the electric company injected 100.14 Mgal and withdrew 60.61 Mgal, resulting in a net gain to the Cohansey aquifer of 39.53 Mgai.
SUMMARY
Artificial recharge of ground water by well injection for storage and recovery has proven to be a viable means of water management for the Wiidwood Water Utility and Atlantic Electric Company in Cape May County, New Jersey. In the late 1950's, Wiidwood Water Utility was unable to meet seasonal water demand. In 1958, the Wiidwood Water Utility supply system was analyzed and injection-recovery tests were conducted to evaluate the feasibility of injection of ground water for storage and recovery. Artificial recharge by well injection for storage and recovery began in 1967, and has been in use since then. Wiidwood Water Utility has injected from about 71 to 275 Mgal/yr and has recovered from about 62 to 269 Mgal/yr. Since 1976, about 85 percent of injected water has been recovered. As a result of injection, water levels in the Cohansey aquifer have increased in the Wiidwood communities and a water mound that is 5 ft above sea level is formed during the non-tourist season. The chloride concentration of water used for injection is about 35 mg/L. During the 1992 recovery season, the chloride concentration of the recovered water was about 35 mg/L at the beginning of the recovery season but increased to a maximum of 64 mg/L at the end of the season.
The electric company began artificial recharge by well injection in 1965 and stored 19 Mgai that year. Since 1967, the electric company has stored from about 1.406 to 9.031 Mgal/yr and recovered from 0.453 to 6.101 Mgal/yr. From 1965 through 1988, the electric company injected 100.144 Mgal and recovered 60.610 Mgai, thereby recovering 61 percent of the water that was stored.
